Abstract. The frog Physalaemus is potentially useful for ecotoxicological studies in the Neotropics, and on the large and neglected family Leptodactylidae. The biology of adults and foam nests is well known but larval growth is little studied, with previous estimates of 40-60 days to metamorphosis. We investigated multiple factors affecting growth and development (water change; water flow; diet type; substrate type; background colour; temperature; container hygiene; aeration; tadpole age; tadpole relatedness) to develop a laboratory rearing system, which finally achieved better than 95% survival and 95% metamorphosis of survivors by 18 d after collection of nests. The final system comprised 10 tadpoles L −1 (360 m −2 ) in 1 L still water (changed every 3 d) or 2 L flowing water (flow 2-3 L d −1 ) 4 cm deep at room temperature of 27 • C, with 10 g L −1 puddle soil dried at 110 • C, and fed ad libitum on pellet fish food. The soil was the most important factor, giving faster growth and development than even warm water (33 • C). Pellet food improved dissolved oxygen (DO) compared to flakes and was simpler to use, but gave similar tadpole performance (survival and growth). Aeration was not necessary; this increased DO but did not affect tadpole performance, and neither did background colour or mixing tadpoles from different nests.
Introduction
Although there is now a wealth of data on amphibian ecotoxicology (reviewed by Sparling et al., 2000) , these data pertain to a relatively narrow range of taxa and ecological types. The atypical aquatic pipid Xenopus and temperate ranids and bufonids that have the common reproductive strategy of aquatic eggs and larvae account for a large percentage of the available information (Rowe et al., 2003) . The Leptodactylidae, the largest family of anurans (Pough et al., 2001 ) have been neglected: McDiarmid and Mitchell (2000) list no leptodactylids among species that have been used in tests to evaluate water-quality-criteria chemicals, compared with 12 species of Bufo and 16 of Rana. Leptodactylids are also of interest in having diverse reproductive modes including aquatic and terrestrial foam nests and direct terrestrial development (Duellman and Trueb, 1994) , and in being an important component of the fauna of the Neotropics, an area of particular conservation concern for amphibians (Crump, 2003; Young et al., 2004) .
Physalaemus pustulosus is the best-studied leptodactylid with classic work on many aspects of its ecology and behaviour (Ryan, 1985) , and Davidson and Hough (1969) noted its utility for laboratory studies. Several characteristics of Physalaemus (previously known as Eupemphix and Engystomops, among others) make it suitable for ecotoxicological work, although only Izaguirre et al. (2000) have used these frogs in this regard so far. P. pustulosus is widely distributed from southern Mexico to Venezuela and Trinidad and Tobago (but not other Caribbean islands), with another 30 or more species extending south to Argentina (Ryan, 1985) . Physalaemus are abundant in savanna and modified savanna habitats, including agricultural and urban fringes (Netting, 1930) . P. pustulosus is an explosive breeder during the rainy season, in some areas throughout the year, and produces foam nests at the surface of shallow pools (Sexton and Ortleb, 1966) . These nests are conspicuous and easily collected and contain a good sample size of a few hundred eggs. The eggs hatch in about 40 h (Downie, 1993; Giaretta and Menin, 2004 ) so synchronous clutches from several pairs may be obtained easily from the field. The tadpoles are generalized benthic feeders (Kenny, 1969) .
Most work on Physalaemus has been on the adults and the foam nests, and the growth and development of the tadpoles have been neglected; the rate of development, in particular, is not known reliably. Kenny (1969) noted metamorphosis of P. pustulosus in 6 wk in an aquarium, and Bokermann (1962) gave a larval duration of 60 d for P. cuvieri. These values seem high for frogs breeding in small temporary pools with palatable tadpoles susceptible to predation (Sherratt and Harvey, 1989) . This paper describes an investigation of the factors affecting the growth and development of P. pustulosus tadpoles in the laboratory. The particular aim was to optimize conditions in which tadpoles could be reared to metamorphosis in large numbers in a short time, preferably in a flowing water system suitable for experiments on chronic exposure to pesticides; Chapman (1987) among others has drawn attention to the potential of such non-standard amphibian species in the laboratory. Growth inhibition is common in laboratory populations of tadpoles (Alford, 1999) , and the large literature on aquaculture of bullfrogs (e.g., Marshall et al., 1980; Hoffman et al., 1989; Flores-Nava et al., 1994; Lima et al., 2003) shows the considerable scope for optimizing rearing conditions. Preliminary work indicated that P. pustulosus could be reared successfully in conditions similar to those used by Tonge and Bloxam (1989) for Alytes muletensis; 3 cm of water without aeration or filtration, water changed weekly and with excess food (fish flakes) and faeces pipetted out regularly. Weekly rather than more frequent water changes were used initially as this disturbance may itself affect tadpole growth
